INTRODUCTION
Point agricultural sources can contribute significantly to pesticide residues in groundwater. It has been estimated from data up to 1988 that groundwater contamination of 32 different pesticides in 12 different states can be attributed to point sources [1] . A Wisconsin study [2] in which 240 wells were monitored for metolachlor, a widely-used herbicide, found that all samples containing greater than 1 ug/L could be related to a known or suspected point source. Soil contamination is apparently common at farm mixing/loading sites [3] and agrichemical dealership sites [4, 5] where accidental spills have occurred or where repeated small-scale spills have not been fully contained. Remediation technologies will be needed to restore many of these sites [4, 5] .
A number of studies [6] [7] [8] [9] [10] [11] [12] [13] have considered chemical oxidation using Fenton, or [6, 7] . In many cases complete mineralization of the contaminant may not be economical due to high reagent demand [6, 8] . Nevertheless [14] reviewed the evidence that HO'-mediated oxidation can convert synthetic organic compounds and natural organic matter into more assimilable forms. Presumably this is due to the introduction of hydroxyl and carboxyl groups into the molecule which increases its solublility and susceptibility to enzymatic transformation. Martens and Frankenberger [9] showed that although soil microbial populations are depressed after Fenton treatment they rebound within a few days.
Studies of Fenton reactions in soil have been carried out on silica sands of low organic carbon (OC) content that are representative of aquifer materials [8, 10] , as well as on soils having higher levels of OC that are more representative of the surface [6, 7] where spills are usually concentrated. Dechlorination of pentachlorophenol (PCP) [6, 10] , trichloroethene [10] , and tetrachloroethene [8] has been observed in low-OC sand materials. Rate constants for loss of PCP and trifluralin, an herbicide, were inversely related to OC, falling off by about an order of magnitude over the range 0.2 to 1.0 % OC [6] , Natural or added iron minerals (e.g., magnetite) can catalyze degradation in the absence of added Fe salts, but at much slower rates [6, 10, 11] and less efficiently in terms of moles peroxide consumed per mole contaminant reacted [10] .
Certain compounds are relatively resistant to degradation under Fenton conditions. Aronstein et al. [13] [6] .
We have suggested using Fe(III) complexes in place of simple iron salts in the Fenton treatment of contaminated soil [7] . [6, 8] . In other cases, the pH may drop sufficiently during the reaction as mineral acids are liberated.
Fe-NTA and Fe-HEIDA, on the other hand, are soluble at pH 6 and quite effective in activating H202 [7, 15] . We have degraded -0.01 mol/kg 2,4-dichlorophenoxyacetic acid (2,4-D) and metolachlor in a soil containing 1.6% OC under relatively mild conditions of only 0.5 mole/kg H202 [7] , Reaction proceeded at the natural pH of the soil (~6). In 3 h, 14C-labelled 2,4-D was quantitatively dechlorinated and partially (15-30%) The present study expands this modified Fenton reaction to the insecticide methyl parathion (MP). MP sorbs much more strongly than either 2,4-D or metolachlor, which could be a major factor in its degradability. Watts et al [12] suggest that in sand organic pollutants may react even in the adsorbed state. In soils containing appreciable organic matter the predominant mode of sorption is by partitioning into the organic matter phase. The main purpose of this study was to determine whether and to what extent a strongly sorbed pesticide can be degraded by this modified Fenton system in a soil containing significant organic matter. We examined the reagent requirements (H202, Fe(III)-complex), effects of time and temperature, and the degree of mineralization.
METHODS

Materials
Methyl parathion (MP) (Riedel-de Haen; >99%), nitrilotriacetic acid (NTA) (J.T. Baker, >99%), N-(2-hydroxyethyl)iminodiacetic acid (HEIDA) (Janssen Chimica, Belgium; 98%), Fe(C103)3 (G.F.S. Chemicals; >99%), H202 (J.T Baker; 50% solution), dimethyl phosphoric acid (Pfaltz and Bauer), and 4-nitrophenol (NP) (Aldrich) were used as supplied. Water was distilled and then passed through a Barnstead Nanopure system. Acetonitrile and methanol (J.T. Baker) were "HPLC" grade. The soil, a Cheshire fine sandy loam (56% sand, 36% silt, 8% clay, and 1.57% OC), was the same one used for experiments on 2,4-D and metolachlor [7] . In experiments where anionic products were monitored, the soil was washed four times with a 10:1 (v/wt) ratio of distilled water and air dried.
Procedures
The soil was moistened with water to 10% (w/w) prior to spiking with MP [7] in which natural iron minerals were either inactive or present in insufficient amounts to bring about degradation It was also found that the ligands themselves were incapable of mobilizing sufficient amounts of natural iron [7] . MP removal reaches a maximum within about 5 h Figure 4 shows that the reaction is strongly dependent on temperature. [7] , and b) MP is degrades even faster than metolachlor by HO'-producing systems such as the photoassisted Fenton reaction [16] . It [17, 18] . There are no reported enthalpies of sorption for MP on soil.
Sorption of the analogous compound, parathion (0,0-diethyl 4-nitrophenyl phosphorothioate), decreased only by a factor of about 2 from 10 to 30°C in three soils [19] . Desorption rates, on the other hand, are more temperature dependent because desorption involves diffusion through nanometer-size pores or the organic matter matrix, and diffusion can have an appreciable activation energy [20] . Thus [16] . In preliminary experiments, phosphate ion added as Na2HP04 could not be recovered, presumably because of sorption. Also, recovery of DMP was poor (57%). 
